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The Problem 


During 1968 between 30 and 40 
New Zealanders will lose their lives 
in tractor accidents. 
of tractors in use in New Zealand 
increases, the death rate is likely to 
rise in the same proportion. This 
problem of tractor accidents is not 
peculiar to New Zealand and the 
subject has received attention in 
many parts of the world. 


In 1965, the New Zealand Agricul- 
tural Engineering Institute at Lin- 
coln College started an investigation 
into the causes of the accidents and 
possible methods of prevention. A 
considerable amount of work had 
already been carried out by Mr C. J. 
Crosbie of the Department of Agri- 
culture, Christchurch, in collecting 
all the available recorded informa- 
tion about these accidents. A sum- 
mary of 437 tractor fatalities which 
occurred in the period 1949 to 1966 
is given below. 


Type of Accident No. of 
Fatalities 
Tractor somersaulted for- 

RECS oy sacs cerca SEE ue tld, 15 
Tractor somersaulted back- 

VSS SUE ES a a oe a 46 
Tractor rolled over sideways 270 
Run over (pedestrian or un- 

seated driver)... __...... mkior OF 
Tractor moved after driver 

PaAOeaONted isc. ck kn: 15 
Driver —_ entangled with 

Power Take-off Shaft __..... 10 
Miscellaneous or informa- 

tion not available __...... 17 

437 


From these figures it can be seen 
that 75 per cent of all accidents in- 
volve the tractor overturning and in 
these cases death is usually a result 
of either crushing injuries or as- 


As the number. 


phyxia. The remaining 25 per cent 
of the accidents are due to a wide 
variety of reasons. From an early 
date it was clear that the overturn- 
ing accidents should receive priority 
attention. 


Can Overturning Accidents be 
Prevented? 


Many ideas have been suggested 
by inventors for preventing the 
tractor from overturning. These 
ideas are usually based on a device 
which measures the angle of tilt of 
the tractor and automatically takes 
a corrective action before the tilt 
becomes dangerous. The corrective 
actions suggested included switch- 
ing off the engine, applying the 
brakes and extending rods to prevent 
the tractor overturning. 


Whilst at first sight some of these 
ideas sound attractive, further study 
of the accident records show that 
a surprisingly small proportion of 
the overturning accidents occur on 
very steep country: 


Slope on which tractor was 
travelling just prior to 
accident % 


0- 9° Flat and slight slope 54 
10 - 19° Moderate slope _..... A0=. 
20°: 729, Steep slope. 7 Bx. 20 
Above 30° extremely steep ..... 6 

etal ee me ee 100 


A large number of accidents classi- 
fied above as occurring on level or 
slightly sloping ground have been 
caused by the tractor rolling over an 
adjacent bank or into a ditch. This 
has been caused by such reasons as: 


(i) The safe edge was obscured by 
growth. 
(ii) Skidding. 


(iii) Hitting an obstruction and 
temporarily losing control. 
(iv) The driver looking backwards. 


It quickly became apparent that in 
many accidents a safety device based 


,-on tractor tilt would operate too late 


to prevent the tractor overturning. 


As part of the research programme 
about 40 actual accidents have been 
investigated and it is quite clear that 
few of the victims were either in- 
experienced drivers or being fool- 
hardy. The majority of accidents 
are a result of a combination of cir- 
cumstances, any one of which in it- 
self, was insufficient to cause an acci- 
dent. 


From this evidence, it would ap- 
pear that there is at present no prac- 
tical engineering method of prevent- 
ing tractors overturning. Thus the 
inescapable conclusion is reached 
that the best that can be done is to 
provide the driver with some pro- 
tection from the danger of being 
crushed and the case for the safety 
frame is made. 


The Case for the Safety Frame 


In Sweden alone there are over 
100,000 safety frames in use and to 
date there has been no reported case 
of a fatality as a result of the safety 
frame not protecting the driver dur- 
ing an overturning accident. The 
following table shows that the intro- 
duction of safety frames has had a 
pronounced effect in reducing the 
number of tractor overturning fatal- 
ities in Sweden during the period 
1957-1966:— 


No. of Tractors No. of Safety No. of 


in Use Frames in Fatal- 
Use ities 
1957—156,000 not eS 
1958—165,000 known 20 
1959—176,000 exactly 34 
1960—184,000 16,000 18 
1961—195,000 28,247 33 
1962—205,000 40,276 20 
1963—215,000 53,264 1 
1964—225,000 66,254 13 
1965—235,000 89,554 17 
1966—244,000 101,754 5 


In New Zealand, there are over 
1000 safety frames in use, and at 
least 12 of these have been involved 
in overturning accidents. In every 
case the. driver survived and escaped 
serious injury. 


Safety Frame Testing 


To be acceptable, a safety frame 
must be strong enough to provide 
protection in the large majority of 
accidents. The design of a safety 
frame poses. several engineering 
problems, not the least of which is 
the problem of finding adequate 
mounting points on the tractor itself. 
The N.Z.A.E.I. co-operated with the 
Standards Association of New Zea- 
land in laying down a suitable test 
procedure in N.Z.S.S. 2146:1967. 
Since the issue of the Tractor Safety 
Frame Regulations in May 1967, it 
has become an offence to sell or fit 
a safety frame to an agricultural 
tractor unless the structural require- 
ments of the Standard Specification 
are met. After satisfactory comple- 
tion of the evaluation, which is car- 
ried out by N.Z.A.E.1. at Lincoln 
College, a Certificate of Approval is 
issued by the Labour Department. 
There are now approved frames 
available for about 40 models of 
tractor. 


The procedure adopted is based 
on a test developed in Sweden but 
has been slightly adapted to cover 
the particular designs of safety 
frames which have been developed 
in New Zealand. The test is com- 
posed of three parts. 

The first part of the test is an 
impact blow against the top of the 
frame in a longitudinal direction 
relative to the tractor. The blow is 
given by a pendulum weight weigh- 
ing 4410lb and the severity of the 
blow imposed is dependent on the 
weight of the particular tractor being 
tested. During the test the tractor 
is securely fastened to the ground. 
After the impact the deflection of 
the frame must not exceed 4in. 


The second part of the test is a 
similar impact test against the safety 
frame but this time in a lateral direc- 
tion. The severity of this blow is 
greater than the preceding test but 
the deflection after the test must not 
exceed 10in. 


In the third part of the test a 
vertical compressive load is applied 
on the top of the frame. The safety 
frame must withstand a load equal 
to twice the weight of the tractor. 


Unfortunately this test cannot be 
applied directly to crawler tractors 


and the N.Z.A.E.I. is at present 
carrying out further research to 
develop a suitable test procedure for 
crawlers. Up to the present time 
about 40 tests have been carried 
out and this experience shows that 
each tractor-safety frame combina- 
tion must be considered separately. 
Due to the wide variety in mount- 
ing points on the tractors it is almost 
impossible to produce any “standard” 
designs. 


It is interesting to note that the 
strength of the safety frame should 
be carefully matched to that of the 
tractor. Whilst a frame must obvi- 
ously be strong enough to withstand 
collapse during an accident it must 
not be so strong that the tractor 
itself breaks. This is a very real 
problem due to the widespread use 
of cast iron in the tractor, this being 
a notoriously brittle material under 
impact conditions. 


The Cost of Safety Frames 


The retail price of a safety frame 
is dependent upon the design and 
whether features such as weather 
cladding are included. As a rough 
guide, however, a simple “roll-bar”’ 
frame may be obtained for $80-$100 
whilst a complete safety frame in- 
cluding weather cladding may cost 
about $250. Any approved safety 
frame is a tax deductible item dur- 
ing the year of its purchase. 


The Future 


There is still a great deal of 
development work to be carried out 
before safety frames can be con- 
sidered to be entirely satisfactory 
from the customers’ point of view. 
Noise, vibration and lack of accessi- 
bility are problems on many present 
day designs. Behind the scene at 
the present time, however, the major 
international tractor manufacturers 
are preparing their own designs, and 
it would appear that these will fall 
into two categories. 


(i) A simple “roll-bar’, usually 
positioned just behind the driver 
to afford maximum protection in 
the event of overturning. A non- 
structural canopy may be at- 
tached to the top of the frame 
to give some sun and weather 
protection. This type of design 
is intended for countries with a 
mild climate. 

(ii) A box-type of safety frame pro- 
vided with complete weather 
cladding for countries with 
severe climates. It is possible to 
foresee that the addition of air 
conditioning units could make 
these designs very suitable for 
all types of climates. 


Taking into account the facilities 
and resources of the large tractor 
manufacturing organisations, it 
would not appear an unduly rash 
prediction to foresee the day when 
the covered-in tractor will be as com- 
mon a sight as a saloon car. 
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